phenotypes that arise from defects in these genes. In sengers between contacting cells. Many aspects of conmice null mutations in Cx43, the main connexin of gap nexin function, for example cellular transport, plaque junctions in heart and many other tissues, cause death assembly and stability, and channel conductivity, are shortly after birth. The hearts of such mice beat, but a finely tuned and likely involve proteins that bind to conmalformation of their heart is fatal. In humans, the inhernexins' cytoplasmic domains. However, little is known ited defects in individual connexin isoforms are associabout such regulatory proteins. To identify novel proated with demyelinating disorders of the peripheral nerteins that interact with the COOH-terminal domain of vous system, severe hearing impairment, eye lens Connexin-43 (Cx43), the most widely expressed concataracts, skin disorders, heart arrhythmias, and heart nexin family member, we applied a proteomics approach malformation [4]. Some of these diseases have a signifito screen fractions of mouse tissue homogenates for cant impact on the human population, with Cx26 mutabinding partners.
. Drebrin has been previously described as an actin binding protein [9] whose level is is required to maintain functional Cx43-containing gap junctions at the cell surface.
greatly decreased in brains of Alzheimer patients [10] . We obtained 22 peptides by Q-TOF sequence analysis with exact matches to the cDNA-derived protein seResults and Discussion quence of Drebrin (p Ͻ 0,05) (see Table S1 in the Supplemental Data available with this article online).
Pull-Down Assays with the Cx43 COOH-Terminal Domain Recover Drebrin from Brain Homogenate
Another band obtained in the pull-down assay was identified by MALDI Q-TOF analysis as ␤-tubulin (see In search of new interaction partners of Cx43, we used a proteomics approach to screen subcellular fractions arrow in Figure 1B ; peptide data not shown), which has already been described as an interaction protein for from different mouse tissues (brain, kidney, lung, heart, and liver) for proteins that may interact with a GSTCx43 [7] . A further previously described Cx43 binding partner, the tight-junction protein ZO-1 [5, 6] , was presfusion protein encompassing the Cx43 COOH-terminal domain (residues 234-382), which is normally exposed ent in the starting plasma membrane fractions, as detected by immunoblots with a ZO-1 antibody. Nevertheto the cytosol. Pull-down assays with this Cx43-COOH terminal domain fusion protein recovered several bands less, ZO-1 was not recovered on the Cx43-GST fusion protein under our experimental conditions, which inthat were resolved by SDS-PAGE and visualized with Coomassie Blue (Figure 1B) . MALDI/Q-TOF (matrixcluded the presence of 1% Triton and ATP in the binding reactions and wash buffer. assisted laser desorption ionization/quadrupole timeof-flight) mass spectrometry analysis of tryptic peptides Next we analyzed the distribution of endogenous Drebrin E and Cx43 by immunofluorescence with the correidentified a number of these proteins. One of them, Drebrin E, was reproducibly recovered in pull-down assays sponding antibodies. In astrocytes (Figures 1C-1E ) and Vero cells ( Figures 3A and 3B) , a clear colocalization of from the brain membrane fraction via the Cx43-GST both proteins underneath the plasma membrane in the were acquired as follows: acceptor after bleach (Aab) and donor after bleach (Dab). In the regions of cell-cell region of cell-cell contacts was observed. On the other hand, inside the cell and in noncontacting regions of contacts containing CFP-Drebrin and Cx43-YFP, a clear FRET signal was revealed by an increase in the donor the plasma membrane, Drebrin E did not colocalize with Cx43 ( Figures 1C-1E, 3A , and 3B).
fluorescence (CFP-Drebrin) after the acceptor (Cx43-YFP) was photoinactivated ( Figures 2F and 2G ). Subcellular fractionation of Vero cells, performed as we described previously [11] and in the Supplemental
For a more precise characterization of the CFP-Drebrin/Cx43-YFP interaction underneath the plasma memData available with this paper online, revealed that Cx43 was present in both the plasma membrane (PM) and brane, we analyzed the comparative degree of the donor dequenching along the interface of contacting cells Golgi fractions ( Figure 1J ), whereas Drebrin was detected only in the plasma membrane fraction ( Figure 1I) . upon direct photoinactivation of the acceptor (Cx43-YFP) by using image data processing with the MetaFractions containing Golgi membranes were detected by an enzyme assay for UDP-galactosyltransferase, and Morph 6.0 program ( Figure 2H ). The comparison of two graphs derived from the same cellular region obtained the plasma membrane fractions were recognized by streptavidin-peroxidase after cell-surface biotinylation before (Dbb) and after (Dab) acceptor inactivation revealed a 15%-25% increase in the donor fluorescence of intact cells on ice ( Figure 1G) , as described by us previously [11] . Golgi fractions in the gradient were de-(small arrows in zones of cell-cell contacts in Figure  2H ). As a negative control, the unchanged background tected with antibodies against the transmembrane Golgi KDEL-receptor (ERD2). ER fractions were recognized region of the same cell is depicted before and after the acceptor bleach (big arrows in Dbb and Dab, Figure 2H ). by the maximal activity of Rotenone-insensitive cytochrome-C reductase [11] in gradient fractions and with
The degree of acceptor photoinactivation in each pixel along the linescan is shown in Figure 2H Figures 3I and 3J) .
against Drebrin prevented the appearance of Cx43-GFP (Figure 4C, lower panel) . Therefore, it is tempting to speculate that Drebrin in astrocytes (most likely in complex Drebrin May Serve as a Linker between Cx43 and the Submembrane Cytoskeleton with other submembrane proteins) may favor the functional stabilization of Cx43 at the plasma membrane. A
In this paper we have demonstrated that Drebrin, which we found by a proteomics screen in a brain homogenate reduction in the cellular level of Drebrin will destabilize (surface biotinylation and subcellular fractionation; immuneprecipi-A fresh mouse brain was homogenized with 2 ml of internal metation; immunoelectron microscopy [30]) and a table (peptide sumdium containing "Complete" protease inhibitor (Roche). The homogmary report) are available with this article online at http://www. enate was centrifuged 45 min at 100,000 g av at 4ЊC. The supernatant current-biology.com/cgi/content/full/14/8/650/DC1/. was used in experiments as the "cytosol fraction." The pellet was resuspended in 2 ml of the same buffer, containing Triton X-100 to 1%, and centrifuged as described. The supernatant was used in
